ABSTRACT
Plant genomic and post-genomic era
Plant genomic research starts with the complete sequence of the genome of the model plant species Arabidopsis thaliana in the year 2000. Since then, a remarkably rapid progress has been made in this area. Significant movement ahead was the publication of rice genome sequence in 2005, draft genome of poplar in 2006; whole genome sequence of two grapevine genotypes in 2007; and draft sequence of the genomes of Lotus japonicus and Glycine max has been available since 2008. Genomes of several other plant species barley, wheat, potato, cotton, tomato maize, Medicago truncatula are also currently sequenced. the sequencing information obtained and global gene expression analyses enable us to speculate about gene function. the challenge of the post-genomic era is to analyze the function of every gene in the genome systematically.
Legumes are major crop plants for the benefit of human food, animal feed, and vegetable oil. A key contribution of legumes to sustainable agriculture and nitrogen cycle is their ability to fix atmospheric nitrogen in most agricultural ecosystems. they are able to form specialized organs, the root nodules, in which rhizobial bacteria can fix atmospheric nitrogen. This process largely contributes to the nitrogen nutrition of host plant, reducing the need for nitrogen fertilizers. The intensive use of chemical fertilizers has allowed the development of a very productive agriculture. However, this use has resulted in eutrophication of continental waters, including in some areas of Bulgaria and europe, and the pollution of ground waters by nitrate.
Over the past decade, two model legumes, L. japonicus and M. truncatula, have been proposed for molecular genetics research. it is generally accepted that knowledge about certain shared characteristics of legumes, such as the pathways involved in symbiosis with rhizobia and synthesis of flavonoids and glycosides, is considerably transferable from models to crops. information from these two models may be useful for forage legumes, e.g. alfalfa and clovers, even for the study of agronomic traits (yield and growth habits), because L. japonicus and M. truncatula are related to the forage legume species Lotus corniculatus (birdsfoot trefoil) and alfalfa, respectively. Model legumes can also provide useful information for the improvement of other crops such as tomato, sunflower, cotton, corn and rice. the biochemistry of legumes is distinct from that of other plant groups and many unique molecules with biomedical application, such as isoflavones and plant sterols, are found among legume metabolites.
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This review comments utility and challenges of exploring forward and reverse genetic tools for functional genomic studies in M. truncatula and particular attention is paid on the use of tobacco Tnt1 retrotransposon as a tool for insertional mutagenesis in this model legume species.
Functional genomic tools for Medicago truncatula establishment of mutant collections among plant species by means to identify mutated genes is the fundamental approach to understand gene function. Different tools are used for generation of M. truncatula mutant collections. the two classical approaches that have been used in Arabidopsis are mutating seeds with chemicals (ethyl methan sulfonate, eMS) and ionizing radiation (using fast neutrons, γ-rays and X-rays). Both of these methods are readily used for generation of mutants and the only requirement in both cases is to find the balance between mutation rate and fertility. in M. truncatula, EMS mutated seeds have been used to identify several mutants with altered symbiotic properties, or in general, for aspects of plant morphology and physiology (1, 7, 13, 14, 17) . targeting-induced local lesions in genomes (tillinG) has recently introduced PCR-based reverse genetic strategy that can identify single nucleotide changes in a known sequence of in EMS-mutagenized populations (9, 10) . However TILLING is a reverse-genetic tool and it does not enable one to make direct transition from a mutant phenotype to mutated gene. tillinG in M. truncatula is being developed by Douglas Cook's laboratory (University of Calfornia, Davis, CA, USA) and by Richard Thomson's laboratory (INRA, Dijon, France).
Insertion mutagenesis is a powerful tool to discover and understand gene function in plants. T-DNA was successfully used as a mutagen in Arabidopsis thaliana, but may not be feasible to other plants like legumes. T-DNA tagging has been successfully accomplished in rice (18) , L. japonicus (24) and M. truncatula (19) via standard in vitro transformation and regeneration procedures, but genome-wide mutagenesis using this tool is impractical. T-DNA insertions sometimes cause deletions and rearrangements at the target site sequences, which can make reverse-genetic screening tedious (20) .
Transposable elements are an attractive way to generate large numbers of insertional mutants. Retrotransposons (class i transposable elements) were also used successfully as mutagens in plants. Members of class i transposable elements multiply via a copy/paste mechanism that can result in invasion into their host's genomes. in the plant kingdom, for example, it is estimated that over 70% of the maize genome is composed of ltR retrotransposons (3) and the ogre ty3/Gypsy like retroelement can represent up to 38% of the Vicia genome (15) . Transposition of some of these elements is activated by various stresses, and interestingly during tissue culture allowing their use for large scale insertion mutagenesis in model plants. For example Tos17, an endogenous retrotransposon of rice, Tnt1 and TtoI, retrotransposons of tobacco, were used for gene tagging in A. thaliana and rice, respectively (5, 16, 25) . these elements are also good candidates for gene tagging in leguminous plants because they efficiently transpose into genes of their heterologous hosts and since their target site sequences exhibit moderate or no consensus. in addition, they do not transpose in the vicinity of their original location (like DNA transposons) but are rather dispersed in the genome as a result of their mode of transposition.
the Tnt1 retroelement was isolated following its transposition into the nitrate reductase (NiaD) gene of tobacco (8) . It was previously demonstrated that Tnt1 transposes actively during in vitro transformation of M. truncatula R108 and Jemalong lines (6, 22) . The efficiency of Tnt1 transposition during the regeneration process results in M. truncatula lines carrying multiple Tnt1 inserts (from 4 to up to 20 insertions per regenerated plant) and by consequence possibly multiple mutations. these insertions are stable during the life cycle of M. truncatula and most of them are genetically independent and can be separated by recombination. in addition, in Medicago Tnt1 seems to transpose preferentially into genes (22) and its multiplication by transposition can be re-induced by tissue culture. Among the already generated Tnt1 mutants, several developmental, as well as symbiotic Tnt1-tagged mutants, have already been identified and characterised (2, 6, 12, 23) .
An important feature of the Tnt1 mutated Medicago collection is that it can be used for forward as well as reverse genetics studies which can be conducted by PcR screening on DNA pools or by sequencing Tnt1 insertion sites in the mutated lines. Different protocols that allow the characterization of Tnt1 insertions sites in the mutant Medicago plants, as well as the protocol developed for reverse screening on DNA pools of the collection are available.
Development of legume genomics is a scientific approach, which is worldwide supported. Two plant species have emerged as model legumes, M. truncatula (4) and L. japonicus (21) . in Bulgaria, M. truncatula research started with participation of AgroBioInstitute (ABI) in an INCO-COPERNICUS (IC15-ct96-0906) project, FP5 of eU 'Molecular and cellular bases of somatic embryogenesis in alfalfa'. During this project efficient regeneration and transformation procedures for M. truncatula were established. On the base of this knowledge ABI was invited as a partner in a FP6 (FOOD-CT-2004-506223), GRAIN LEGUMES integrated project (GLIP). The objective of ABI together with the other partners of work package (WP) 5.2 "Tnt1 mutagenesis" was to create a large-scale M. truncatula Tnt1 insertional mutant collection. the team contributed greatly to the establishment of conditions for efficient Tnt1 transposition leading to lines with high number of inserts (11) . Seeds and in vitro material from the mutant lines are available at ABI, as well as in stock centers for seed production of M. truncatula mutant lines in Szeged, hungary and Dijon, France. The participation of ABI at the GLIP project and experience in M. truncatula research together with the experience of partners from IPP in root development and plant microbe symbiotic interaction research could be a solid base for the initiation of a genomic platform for legume biology in our country supported by our foreign partners.
The ABI's M. truncatula tagged population is a very useful resource for discovering gene function in legumes. Randomly selected mutant lines from Tnt1 insertional mutant collection were screened by transposon display (tD) technique in order to confirm presence of new copies of Tnt1 retrotransposon. Among positive ones 20 lines were selected for assessment of their plant, flower and root phenotype, as well as for their symbiotic properties. ten seedlings from each line were planted in greenhouse and their plant and flower morphology were evaluated by selected criteria. For assessment of root phenotype seeds from selected lines were sterilized for in vitro culture and their growth and morphology were traced for the period of three weeks after germination. Further on, root morphology and development were followed in vivo in hydroponics system. Picture and measurement data were collected in order that a catalogue on-line of the selected mutant lines to be prepared. Screening of symbiotic properties of selected mutant lines were started together with the partner institutions. in parallel for few of the ABI's selected lines the Tnt1 insertions were sequenced. the plant genomic region that borders the Tnt1 (Flanking Sequence Tag, FST) could be identified as it was mentioned above by TD or Inverse PCR. The FST were then deposited in a data base for public use at the Samual Roberts noble Foundation and a data base (http://bioinfo4.noble. org/mutant/) was created to house all the FSts sequenced by various partners. Following the information of the inserts located in coding sequences of the genes, four genes of interest were selected for cloning: Protein kinase, eGF-like, subtype 2; S-locus glycoprotein; curculin-like (mannose-binding) lectin nP7261074 (www.medicago.org), corresponding to insert 6 from line So5819; Diseases resistant protein NP7270187 (www.medicago.org), corresponding to insert 1 of line So 5828; GRASS transcription factor NP7259180 (www. medicago.org), corresponding to insert 6 of line So5945; and Zinc finger CCHC type NP7258077 (www.medicago.org), corresponding to insert 9 of line So5823. Primers for cloning and GATEWAY technology were chosen for preparation of overexpression vectors as well as overexpression vectors fused to gfp marker gene for further functional and comparative genomic analysis. the cloning is in progress. the constructed overexpression vectors will be used to create overexpressed lines from M. truncatula and Arabidopsis thaliana, which will serve as a reference model species. Gene expressions will be assessed in overexpressed lines by RT-PCR and compared to those where the gene is "tag". In order to find homozygous "tag" mutant individuals among F1 progeny of the two of the above mentioned lines (insert 6 from line So5819 and insert 1 of line So 5828), the reverse genetic approach will be utilized for the respective FSTs. For the other two genes of interest silencing constructs will be prepared by the use of RNA induced gene silencing technology. For the expression analysis the respective promoters of the genes were cloned in vectors caring GUS and gfp marker genes.
Conclusions
With the rapid development of genomic tools in M. truncatula new ways of research are open for this model species of legume crops. Successfully translating these tools to practical agriculture will lead to new discoveries about developmental processes and accelerate crop improvement. In the long-term plan, the developed platform will be of particular agricultural relevance, facilitating the genetics and breeding of important legume crops cultivated in Bulgaria -pea, faba bean, alfalfa and clover.
